The expression of oxytocin receptor (OTR) in the uterine endometrium plays an important role in the initiation of luteolysis. During early pregnancy, the conceptus secretes interferon tau (IFN ) which inhibits OTR up-regulation and luteolysis. In this study, uterine horn cross sections were collected on day 16 from 15 pregnant cows (PREG), 9 uninseminated controls and 5 inseminated cows with no embryo present. The latter two groups had similar results and were combined to form a single non-pregnant (NP) group. The animals were given an oxytocin challenge shortly before tissue collection to assess prostaglandin F 2 (PGF 2 ) release through the measurement of the metabolite 13,14-dihydro-15-keto PGF 2 (PGFM). The mRNAs for OTR, oestrogen receptor (ER) and progesterone receptor (PR) were localised by in situ hybridisation. The results were quantified by optical density (OD) measurements from autoradiographs using image analysis. OTR protein was measured by autoradiography with iodinated oxytocin antagonist and ER and PR protein was detected by immunocytochemistry. The release of PGFM after the oxytocin challenge was significantly higher in the 14 NP cows (187% 15%) compared with the PREG group (131% 11%) (P<0·01). Low concentrations of OTR mRNA were localised to the luminal epithelium (LE) in 6 out of the 14 NP cows, of which 2 also expressed OTR protein, while OTR mRNA and protein were undetectable in all the pregnant animals. These results indicated that the sampling time coincided with the onset of the luteolytic mechanism in the NP cows. On day 16 ER mRNA was detectable in both the LE and glands of both PREG and NP animals. There were no differences in either ER mRNA or protein between NP and PREG samples. PR mRNA was moderately expressed in the caruncular stroma, with lower levels in the dense caruncular-like stroma and glands. There were no differences between PREG and NP animals. The expression of PR mRNA and protein in the deep glands was variable between animals. These results suggested that, in cows, the presence of an embryo suppressed the expression of OTR, but had no effect on the expression of the transcriptionally regulated ER on day 16.
Introduction
The up-regulation of endometrial oxytocin receptors plays an important role in the initiation of luteolysis in ruminants (McCracken et al. 1984) . Oxytocin secreted from the corpus luteum (Wathes & Denning-Kendall 1992) and probably also from the neurohypophysis, binds to endometrial oxytocin receptors, initiating prostaglandin F 2 (PGF 2 ) pulsatile secretion and consequently luteal regression (Flint & Sheldrick 1983) . The oxytocin receptor gene is temporally and spatially regulated in the ovine endometrium throughout the oestrous cycle, with receptors first appearing in the luminal epithelium (LE) on day 14 in sheep, increasing to a peak at oestrus (day 0) when receptors also develop on the glandular epithelium and caruncular stroma (Wathes & Hamon 1993 , Stevenson et al. 1994 . In cattle, the initial rise in oxytocin receptors preceding luteolysis is on day 15-17 ( Jenner et al. 1991 , Mann & Lamming 1994 .
During early pregnancy, the up-regulation of oxytocin receptors and consequently luteolysis is inhibited by secretion of interferon tau (IFN ) from the trophodectoderm from days 12-25 in cattle (Farin et al. 1990) and from days 10-21 in sheep (Bazer 1989) . IFN suppresses oxytocin receptor expression at the transcription level in sheep (Spencer et al. 1995a) . In unilaterally pregnant ewes, in which the uterus had previously been transected, oxytocin receptor suppression occurred in the pregnant horn only, suggesting that IFN action is local rather than systemic . IFN action is also transient, with early pregnant endometrium becoming responsive to oxytocin after only 3 h in culture in the absence of IFN (Silvia & Raw 1993) .
In the non-pregnant cycle, both the timing of endometrial oxytocin receptor development and responsiveness of the receptors to oxytocin in terms of PGF 2 release are influenced by the steroid hormones oestrogen and progesterone, presumably acting through their respective endometrial receptors. Oestradiol affects the magnitude, timing and pattern of PGF 2 pulses in response to oxytocin (Beard et al. 1994) . The concentration of oestrogen receptors in the endometrium is highest at oestrus (Wathes & Hamon 1993) . Oestradiol administration in mid cycle raised caruncular endometrial oxytocin receptor concentrations after 12 h and initiated luteolysis (Hixon & Flint 1987) . Oestradiol also up-regulates expression of its own receptor (Wathes et al. 1996b , Ing & Tornesi 1997 . Conversely, progesterone has an inhibitory action on oxytocin receptor gene expression during the early and mid-luteal phase of the oestrous cycle (Wathes & Hamon 1993) . However, after 12 days of continuous exposure to progesterone in sheep, the progesterone block to oxytocin receptor up-regulation was lost (Vallet et al. 1990 , Wathes et al. 1996b .
During the early and mid-luteal phases, oestrogen receptor expression is suppressed in the endometrium except in the deep glands, presumably by an inhibitory action of rising progesterone levels (Wathes & Hamon 1993 , Spencer & Bazer 1995 . At luteolysis in sheep, oestrogen receptors are again up-regulated, although it is uncertain whether this begins before or after the increase in oxytocin receptors in the luminal epithelium (Cherny et al. 1991 , Wathes & Hamon 1993 . This rise in oestrogen receptor concentrations does not occur in pregnant ewes. In unilaterally pregnant ewes on day 16, there is an increase in oestrogen receptors in the non-pregnant horn only, suggesting a local suppressive effect in the pregnant horn . Intrauterine infusion of recombinant ovine IFN (roIFN ) from day 10 to day 14 in cyclic sheep decreased endometrial oestrogen receptor mRNA and protein expression in comparison with control animals (Spencer et al. 1995a ). Furthermore, roIFN was also able to suppress increases in both oestrogen receptor mRNA and oxytocin receptor protein in the luminal epithelium in response to oestradiol administered on day 12 (Spencer et al. 1995b ). Based on these observations it has been hypothesised that IFN inhibits oxytocin receptor up-regulation by inhibiting a preceding rise in oestrogen receptor expression (Spencer & Bazer 1995) .
This hypothesis is derived from observations based mainly on the ewe. There is, however, a further interest in understanding the mechanisms associated with maternal recognition of pregnancy in the cow, due to the financial implications of the high incidence of early embryo loss in this species (Peters 1996) . The aim of the experiment reported here was, therefore, to compare the pattern of oxytocin, oestrogen and progesterone receptor expression in the pregnant and non-pregnant bovine uterus on day 16. This stage was chosen to catch animals at the onset of luteolysis and before the divergence in progesterone levels in pregnant and non-pregnant animals, which normally occurs on day 17 (Mann et al. 1996) . Receptor mRNA localisation was performed by in situ hybridisation, oxytocin receptor protein was identified by autoradiography and steroid receptor protein by immunocytochemistry.
Materials and Methods
All chemicals were from either BDH (Upminster, Essex, UK) or Sigma Chemicals (Poole, Dorset, UK) unless otherwise stated.
Animals
Twenty-nine barren Friesian/Holstein cows at the end of lactation were synchronised with two injections of estrumate (PGF 2 analogue, Coopers Animal Health, Crewe, Cheshire, UK) administered 12 days apart. The cows were then either doubly inseminated 72 or 96 h post second prostaglandin injection or left as controls. Blood samples were collected from the jugular vein daily for progesterone and oestradiol analysis (Mann et al. 1996) . To monitor the strength of development of a luteolytic mechanism, cows were injected on day 16 with a single i.v. bolus of 50 IU oxytocin (Hoechst UK Ltd, Walton Manor, Milton Keynes, Bucks, UK) in 5 ml saline, flushed in with a further 5 ml saline. Plasma concentrations of 13,14 dihydro-15-keto PGF 2 (PGFM), the principal metabolite of PGF 2 , were measured in blood samples collected at 20-min intervals for 1 h before the oxytocin injection and then at 10-min intervals for 1 h after the challenge. All samples were collected in heparinized tubes, centrifuged at 1500 g for 10 min and plasma stored at 20 C. The cows were slaughtered on day 16 and the uteri were removed and flushed for embryos. If no embryo was found in the inseminated animals then the flushing procedure was repeated as a check. Uterine cross-sections, approximately 3 cm in length, were taken and frozen in isopentane in liquid nitrogen and stored at 80 C for subsequent analysis. In the pregnant animals the cross-sections were taken from the horn with the embryo present.
Radioimmunoassays for PGFM, progesterone and oestradiol
Plasma samples were assayed for PGFM after extraction with acidified diethyl ether by radioimmunoassay (Kaker et al. 1984) . Sensitivity of the assay was 15 pg/ml and the intra-and inter-assay coefficients of variation were <15% and 12·1% respectively. Progesterone was measured in plasma samples after extraction with petroleum ether by radioimmunoassay (Haresign et al. 1975 ) with antisera obtained from Dr B J A Furr. The sensitivity of the assay was 0·3 ng/ml and the intra-and interassay coefficients of variance were <10% and 13·8% respectively. Oestradiol was measured in plasma using a modified radioimmunoassay kit (Serono Diagnostics, Woking, Surrey, UK) . The sensitivity of the assay was 0·5 pg/ml and the intra-and interassay coefficients of variance were <10% and 11·3% respectively.
Oligonucleotide probes
All probes used were single-stranded oligonucleotides 45 bases in length (Brabaham Institute, Cambridge, UK). Sense probes were always included as negative controls and any signal from these was regarded as non-specific. The oxytocin receptor (OTR) sense sequence corresponded to the bovine oxytocin receptor gene bases 3504 to 3548: 5 TTCGTGCAGATGTGGAGTGT CTGGG ATGCCGATGCGCCCAAGGAA 3 and was taken from transmembrane VI region (Bathgate et al. 1995) . The oestrogen receptor (ER) sense sequence corresponded to the ovine ER gene bases 564 to 608: 5 GGCTATGCG GTGCGCGAAGCCGGCCCTCCCGCCTACTACA GGCCA 3 from domain B (Madigou et al. 1996) . The progesterone receptor (PR) sense sequence corresponded to the ovine progesterone receptor gene bases 531-575: 5 CTTCTCTCAGTGGTCAAGTGGTCTAAGTCA CTGCCAGGTTTTCGG 3 (Madigou et al. 1995) . The full corresponding sequence for the bovine ER and PR genes has not yet been published, but these regions are highly conserved between species for which the sequence is known.
Localisation of mRNA by in situ hybridisation
The method was based upon that previously described by Stevenson et al. (1994) . Sections (10 µm) were cut and thaw-mounted onto 1 mg/ml poly--lysine (M r >300 000) coated glass slides. The sections were fixed in 4% (w/v) paraformaldehyde in 0·01 M PBS, pH 7·0 for 5 min at room temperature and then washed three times with 0·01 M PBS. The slides were sequentially dehydrated in ethanol and stored at 4 C in 95% ethanol. Oligonucleotide probe (5 ng) was end-labelled with 35 S-dATP (ICN Chemicals, Thame, Oxfordshire, UK) using deoxynucleotidyl transferase (Pharmacia Biotech, St Albans, Herts, UK) at 34 C for 1 h. The labelled probe was diluted to a final concentration of 1 100 000 c.p.m./ml in hybridisation buffer (50% (v/v) deionised formamide, 4 SSC, 25 mM sodium phosphate, 1 mM sodium pyrophosphate, 5 Denhardt's solution, 0·2 mg/ml denatured salmon sperm DNA, 120 µg/ml sodium heparin, 100 µg/ml polyadenylic acid and 100 mg/ml dextran sulphate) and 100 µl added to each section. The sections were incubated in a humidified box at 42·5 C overnight. The slides were washed in 1 SSC, 0·2% (w/v) sodium thiosulphate at room temperature for 30 min, then in fresh 1 SSC, 0·2% (w/v) sodium thiosulphate at 57·5 C for 60 min. The sections were washed for 1 min in 1 SSC, 0·1 SSC, 75% ethanol and 95% ethanol and air dried. The slides were exposed to -max hyperfilm (Amersham International, Aylesbury, Bucks, UK) for 14 days (oxytocin and progesterone receptor) or 24 days (oestrogen receptor).
Photographic emulsions
Slides previously exposed to X-ray film were coated with photographic emulsion LM1 (Amersham International) as instructed and left at 4 C for 3 weeks (oxytocin and progesterone receptor) or 5 weeks (oestrogen receptor). The slides were developed in 20% phenisol, fixed in 1·9 M sodium thiosulphate and counterstained with haematoxylin and eosin to confirm cellular localisation of the radioactive signal.
Optical density measurements
Optical density (OD) measurements were made using a Seescan image analysis system (Seescan plc, Cambridge, UK) as described by Stevenson et al. (1994) . In brief, autoradiographs were projected onto a computer screen, the region of interest was encircled and the OD reading was measured. The background OD, from a blank autoradiograph, was first automatically subtracted. The OD value for the sense section was subtracted from the corresponding antisense section. Readings were obtained from two sections per cow and a mean value of specific hybridisation for each animal was then calculated. The limit of detection was taken as an OD value of 0·01.
Autoradiographical localisation of oxytocin receptor
The localisation of the oxytocin binding sites was determined by autoradiography using iodinated oxytocin receptor antagonist d(CH 2 ) 5 [Tyr(Me) 2 ,Thr 4 ,Tyr-NH 2 9 ]vasotocin ( 125 I-OTA) (kindly supplied by Dr M Manning, Medical College of Ohio, OH, USA) as previously described (Ayad et al. 1991) . Sections (20 µm) were cut and thaw-mounted onto chrome alum-gelatin coated slides. Endogenous bound oxytocin was removed by washing the slides twice in ice-cold 100 mM sodium phosphate, pH 7·4 buffer containing 0·1% (w/v) BSA for 15 min. The sections were incubated with OTA buffer (100 mM sodium phosphate, pH 7·4, 10 nM MgCl 2 , 0·1% (w/v) BSA) containing 1·25 10 6 c.p.m./ml 125 I-OTA for 1 h at room temperature. The non-specific binding was determined by incubating control slides with OTA buffer containing 125 I-OTA and 10 µg/ml oxytocin (Bachem, Saffron Walden, Essex, UK). The slides were then washed in ice-cold OTA buffer for 3 1 min and then dipped into ice-cold distilled water. The slides were dried and exposed to -max hyperfilm (Amersham International) for 48 h.
Immunocytochemical localisation of oestrogen and progesterone receptor
The localisation of the oestrogen and progesterone receptors was based on the method previously described by Wathes & Hamon (1993) . Sections (6 µm) were cut and thaw-mounted onto 3-aminopropylsilane (APES) coated slides. The sections were fixed in 3·7% (v/v) formaldehyde in 0·01 M phosphate buffered saline (PBS) at room temperature for 10 min and then washed in 0·01 M PBS, pH 7·3 at 4 C. The sections were further fixed in acetone at room temperature for 1 min and endogenous peroxidase blocked by incubating in methanol for 1 min. The sections were washed twice at room temperature in 0·01 M PBS for 5 min. Each section was incubated with 3% (v/v) normal rabbit serum in a humidified box for 10 min at room temperature. The sections were then incubated with either 2·25 µg/ml mouse anti-human oestrogen receptor (Dako Diagnostics, High Wycombe, Bucks, UK) or 5 µg/ml mouse anti-human progesterone receptor (Affinity BioReagents, Neschanic Station, New Jersey, USA) at 4 C overnight. Mouse immunoglobulin G (IgG) (5 µg/ml) was used for control sections. The next day all incubations were carried out at room temperature and after each incubation the sections were washed twice in 0·01 M PBS for 5 min. The sections were incubated for 30 min with 100 µg/ml rabbit anti-mouse IgG (Nordic Immunology, Tilburg, The Netherlands), followed by an incubation with 60 µg/ml mouse peroxidase antiperoxidase. The sections were then incubated with 0·5 mg/ml 3,3 -diaminobenzidinetetrahydrochloride for 10 min. The reaction was stopped with distilled water and the sections were dehydrated sequentially in ethanol, xylene and mounted in DPX mountant. The sections were randomly labelled to avoid counting bias and the intensity of the stain determined under a microscope on a scale of 0 (absent) to 4 (very strong).
Statistical analysis
Values are given as the mean optical density ... An initial comparison was made between the inseminated cows with no embryo present and the uninseminated control group by t-test statistics. Pregnant (PREG) and non-pregnant (NP) values were subsequently compared using unbalanced one-way analysis of variance (ANOVA) with Unistat Statistical package version 4·6. The number of animals expressing detectable levels of oxytocin receptor mRNA was compared using 2 test.
Results
There were no significant differences between the inseminated cows with no embryo present and the uninseminated control groups in oxytocin, oestrogen or progesterone receptor expression. Data from these two groups were therefore pooled to form a single nonpregnant (NP) group. Data on the steroid hormone profiles of these cows have been reported previously (Mann et al. 1996) and showed that the luteolytic fall of progesterone or rise in oestradiol had not yet started in either group at the time of tissue collection on day 16 (progesterone: PREG 7·3 0·6 ng/ml vs NP 6·3 0·5 ng/ml; oestradiol: PREG 0·7 0·1 pg/ml vs NP 1·0 0·1 pg/ml) (P>0·05).
The expression of oxytocin receptor in the day 16 bovine uterus
Very low levels of oxytocin receptor mRNA were observed in the inner ring of the myometrium of both the PREG and NP groups (OD values 0·013 0·001 (n=15) and 0·016 0·002 (n=14) respectively) ( Fig. 1A) . In one inseminated non-pregnant and one control cow, there was strong expression of oxytocin receptor mRNA in the LE. Another inseminated non-pregnant and three control cows showed lower expression of oxytocin receptor mRNA in the LE. The mean OD value for OTR mRNA expression in these 6 cows was 0·04 0·02, whereas for the remaining 8 NP cows the OD was <0·01 (Fig. 1A,E) . Conversely, no oxytocin receptor mRNA expression was detected in the endometrium of any of the PREG cows (OD value <0·01 (n=15); this was significantly different from the NP group, P<0·025, 2 test) (Fig. 1C) . The two NP cows with the strongest expression of oxytocin receptor mRNA also showed strong oxytocin receptor protein expression ( Fig. 2A) . However, in the endometrium of the NP cows which showed low oxytocin receptor mRNA expression, no 125 I-OTA binding was observed.
The PGFM response to oxytocin
The basal level of plasma PGFM production before the oxytocin challenge was similar in both the pregnant and non-pregnant groups. Results of the challenge in the pregnant cows has been reported previously (Mann et al. 1996) . The mean oxytocin response in the NP group (expressed as the percentage increase over pre-oxytocin levels) (187% 15%) was similar to that previously reported on day 16 in cyclic cows (180% 20%) , indicative of the development of a luteolytic mechanism. The response in the two cows with measurable oxytocin receptor protein was 310% and 258%. By comparison, the response in the PREG group was inhibited (131% 11%; P<0·01), demonstrating a positive effect of the presence of an embryo. It should be noted that a large dose of oxytocin was used and that very few oxytocin receptors are required to elucidate a PGFM response. It is likely that this level of oxytocin receptor expression is below the detection limit of the in situ hybridisation assay.
The expression of oestrogen receptor in the day 16 bovine uterus
In the NP group, there was moderate oestrogen receptor mRNA expression in the deep glands (DG) next to the myometrium. The expression of oestrogen receptor mRNA in the luminal epithelium was low to moderate. The oestrogen receptor mRNA levels in the superficial glands (SG) were similar to those observed in the LE (Figs 3A,E and 4A ). Oestrogen receptor mRNA was also present in the caruncular stroma (CS) at moderate levels, while low levels were detected in the inner ring of the myometrium (Fig. 3A) . In the PREG group, oestrogen receptor mRNA was localised to the same regions and at similar concentrations (Figs 3C and 4A) . Indeed, there were no significant differences in the expression of oestrogen receptor mRNA in the epithelial cells between the NP and PREG groups (Fig. 4A) .
The oestrogen receptor protein was localised using immunocytochemistry ( Fig. 5A,B) . The pattern of protein localisation was very similar to that of oestrogen receptor mRNA in both the PREG and NP groups (Fig. 5A-D) . The slight difference was that oestrogen receptor protein intensity was higher in the LE than in the SG. The overall correlation coefficient for mRNA and protein expression was r=0·62 (P<0·01). It was interesting to note that oestrogen receptor showed stronger expression in the LE when it was adjacent to the caruncles in comparison with the intercaruncular endometrium. Similar observations have been seen in sheep (Wathes & Hamon 1993) . Again, there was no significant difference in the expression of oestrogen receptor protein between the NP and PREG groups in the epithelial cell types (Fig. 4B) . These results show that pregnancy had no effect on oestrogen receptor expression in the cow on day 16. Furthermore, in the NP cows, there was no difference in the level of oestrogen receptor mRNA in the luminal epithelium between the six cows expressing oxytocin receptor mRNA and the eight cows which did not (OD values, 0·06 0·01 vs 0·07 0·01 respectively; P>0·1).
The expression of progesterone receptor in the day 16 bovine uterus
The strongest expression of progesterone receptor mRNA was in the caruncular stroma with similar concentrations in both the PREG and NP groups ( Figs 6A,C and 7) .
Progesterone receptor mRNA was also expressed in the subepithelial stroma underlying the luminal epithelium and superficial glands although at low, but similar levels in both PREG and NP groups ( Figs 6A,C and 7) . Progesterone receptor mRNA expression in the deep glands was at the limit of detection, with variable results between animals. It was present in 8 out of 15 PREG animals but was found in this location in only 2 out of 12 NP animals (Fig. 6A,C) . Progesterone receptor mRNA expression was stronger in the inner ring of myometrium than in the outer ring (Fig. 6A,C) .
There was specific nuclear staining in the stroma and myometrium with the presence of an embryo having no effect on progesterone receptor protein expression in these regions. Progesterone receptor was also detectable in the deep glands, although its expression was variable with detectable levels being observed in 8 out of 15 PREG animals and only 3 out of 14 NP animals (Fig. 8C ). There was specific immunostaining with the progesterone receptor antibody along the apical luminal epithelium, but no nuclear localisation was observed in the luminal epithelium at this stage of the cycle. This staining was similar in both the non-pregnant and pregnant groups (Fig. 8A,B) . No staining was observed in the subepithelial stroma or caruncular stroma, despite detectable concentrations of progesterone receptor mRNA being present in these regions.
Discussion
The results from this paper show that oxytocin receptor mRNA was detectable in the luminal epithelium of nearly half the non-pregnant cows, but none of the pregnant cows on day 16. This increase in oxytocin receptor expression was associated with an increased responsiveness of the non-pregnant cows to an oxytocin challenge in of PGFM release. These results confirm that the oxytocin receptor expression was not associated with any animals were sampled at the onset of luteolysis, but before changes in the pattern or concentrations of oestrogen the Progesterone levels in the non-pregnant and pregnant receptors in the endometrium compared with the animals diverged (Mann et al. 1996) . This increase in pregnant animals.
lournal of Endocrinology (1 999) 160, 2 1-33 The fact that oxytocin receptor mRNA appeared initially in the luminal epithelium on day 16 in the non-pregnant cows is comparable to the sheep, in which it was first detectable on day 14. Those cows which did not yet express oxytocin receptor would be likely to experience a slightly longer cycle; the oestrous cycle length in cows normally varies between 18 and 24 days. Only the non-pregnant cows with the strongest oxytocin receptor mRNA expression showed observable oxytocin antagonist binding. This implied that there was a slight temporal delay in the translation of the mRNA into protein. The timing is consistent with a previous study in the cow using radioreceptor assays in which the rise in oxytocin receptors was reported to occur on day 15 ( Jenner et al. 1991) . Furthermore, injection of oxytocin to non-pregnant cows failed to release PGF 2 on day 15, but did so on day 17 . Development of oxytocin receptors on the luminal epithelium alone is probably sufficient to elicit a full luteolytic response in terms of PGF 2 secretion in both cattle and sheep , although receptor concentrations will increase further at oestrus as the corpus luteum regresses and oestrogen levels rise (Stevenson et al. 1994) . This was supported by the fact that the oxytocin receptor was confined solely to the luminal epithelium, but still elicited a positive PGFM response to oxytocin.
In comparison, no oxytocin receptor mRNA was detected in the pregnant endometrium on day 16. A significant difference in the endometrial oxytocin binding between pregnant and non-pregnant cows has previously been reported on day 17 (Fuchs et al. 1990) . The presence of an embryo presumably suppressed oxytocin receptor expression by the actions of IFN . This was shown to be present in the uterine flushings of pregnant animals using an antiviral assay (G E Mann & G E Lamming, unpublished observations). IFN is known to bind to the type 1 interferon receptor present in the endometrium around luteolysis (Godkin et al. 1984) .
Two questions currently of interest concerning oxytocin receptor regulation are first, whether oestradiol, acting through its receptor, plays an essential role in the up-regulation of oxytocin receptors preceding luteolysis and secondly, whether suppression of oestradiol receptor development is a key component of the inhibitory action of IFN . Previous studies have shown that, on day 16, the luteolytic fall in progesterone or rise in follicular oestradiol has not yet commenced (Mann et al. 1996) . This would suggest that the increase in oxytocin receptor mRNA expression seen in the non-pregnant endometrium was not caused by an increase in oestradiol or decline in progesterone levels.
In the ewe, there are several lines of evidence to suggest that oestradiol is not essential for the initial development of oxytocin receptors in the luminal epithelium, although it may assist the spread of receptors to other cell types once luteolysis has been initiated. The oxytocin receptor up-regulation in the luminal epithelium occurs before any detectable change in oestrogen receptor concentrations (Wathes & Hamon 1993) . Oxytocin receptors are present in the luminal epithelium of ovariectomised ewes (Wathes et al. 1996b ) and also develop spontaneously in explants of endometrial tissue collected from luteal phase ewes and cows in the absence of any added steroid (Sheldrick & Flick-Smith 1993 , Horn et al. 1998 ). Both of these findings suggest that oxytocin receptor synthesis does not require steroids and that they may be constitutively expressed in the epithelial cells , Wathes et al. 1996a . Our results have shown that in the non-pregnant cows on day 16, the oestrogen receptor mRNA and protein were expressed at moderate levels in deep glands and low to moderate levels in the luminal epithelium and superficial glands. This is consistent with a previous study in the cow which found a temporal and cell type difference in the expression of the oestrogen receptor (Boos et al. 1996 , Robinson et al. 1998 ). There was a low level in the luminal epithelium throughout the cycle with peaks on days 1 and 15. In contrast, the glandular epithelium and stroma oestrogen receptor expression was maximal at oestrus, when circulating oestradiol levels were high. Thus, it was concluded that oestrogen promotes uterine oestrogen receptor synthesis in most cell types, except in the luminal epithelium, which appeared not to be strongly influenced by ovarian steroid hormones (Boos et al. 1996) . In sheep, conversely, oestrogen receptor levels were low throughout the luteal phase, except in the deep glands (Wathes & Hamon 1993 , Spencer & Bazer 1995 . There-fore, there is apparently a greater suppression of oestrogen receptor during the luteal phase in sheep compared with cows. In cows, it would appear that, in the luminal epithelium, oestrogen and oxytocin receptors have different temporal regulation throughout the cycle. It has been hypothesised that, in sheep, the inhibitory action of IFN on oxytocin receptor up-regulation is achieved by inhibiting a preceding up-regulation of oestrogen receptors (Bazer et al. 1997) . This is supported by: (i) the decreased expression of oestrogen receptors in the pregnant horn of unilaterally pregnant ewes ; (ii) the ability of intrauterine infusion of roIFN during the luteal phase to inhibit oestrogen and oxytocin receptor expression, but not progesterone receptor concentrations (Spencer et al. 1995a ); (iii) the demonstration that roIFN prevented the up-regulation of oestrogen receptor mRNA and protein as well as oxytocin receptor expression in response to an exogenous oestradiol injection on day 12 (Spencer et al. 1995b) . In contrast, our results show that, in cows, the presence of an embryo caused no significant suppression of oestrogen receptor expression in the luminal epithelium, superficial glands or deep glands on day 16.
In sheep and cows, progesterone receptor mRNA and protein concentrations were absent or very low in epithelial cells of both pregnant and non-pregnant animals around the time of luteolysis, but were moderately expressed in the caruncular stroma (Wathes & Hamon 1993 , Spencer & Bazer 1995 , Boos et al. 1996 . We obtained similar results for progesterone receptor mRNA expression on day 16, with moderate levels in the caruncular stroma and very low levels in the superficial glands and some deep glands. In our study, the expression of progesterone receptor protein on day 16 was confined to the stroma, myometrium and in some animals to the deep glands. Progesterone receptor protein was, however, absent from the caruncular stroma which had expressed moderate levels of progesterone receptor mRNA. This would suggest that in certain cell types, including the caruncular stroma, progesterone receptor protein expression was inhibited post-transcriptionally. There was no difference in progesterone receptor expression between pregnant and non-pregnant cows, therefore differences in oxytocin receptor expression between these groups are not attributable to previous progesterone receptor down-regulation in the non-pregnant animals.
In conclusion, oxytocin receptor mRNA expression was up-regulated in some of the non-pregnant cows on day 16 and this was associated with the ability of the cows to respond to an oxytocin challenge by releasing PGF 2 . Both the PGF 2 release and oxytocin receptor mRNA expression were suppressed by the presence of an embryo. The embryo had no effect on the expression pattern or concentration of oestrogen or progesterone receptor mRNA and protein, and thus inhibition of oxytocin receptor in cows did not appear to involve either a previous decrease in uterine oestrogen receptor expression or maintenance of progesterone receptor expression.
